Based on high resolution 3D-microsturctural data from FIB-nanotomography the pore structure in the sub-m range can now be described quantitatively. This is demonstrated for a 28 days old cement paste. In contrast to the discontinuous pore size distribution (PSD) which results from mercury intrusion porosimetry, the data from FIB-3D-analysis reveals an exponential PSD at radii larger than 50 nm. Using extended image analysis techniques, porosity in hadley grains and the capillary pore network in the interstitial groundmass can be distinguished and the connectivity between them can be quantified. In the 28 days old cement paste, 34 % of the total pore volume are located within the hadley grains. The connection with the capillary pores in the groundmass is dominated by numerous but small pathways (intersections). The average radius of these intersections is below 100 nm. The average intersection density is 0.75 intersections per m 2 of phaenograin surface. The intersections occupy only 2% of the interface between the phaenograins and the groundmass. In summary, the new 3D-microscopy technique not only provides information about pore size distribution of the bulk microstructure, but it also enables to distinguish different types of pores and to characterize the connectivity between them. This information is considered to be a prerequisite for establishing microstructural models that can predict permeability properties in cement pastes.
INTRODUCTION
Porosity represents a fundamental microstructural feature in cementitious materials which has a major impact on permeability, durability and also on mechanical properties. Therefore quantitative analysis of the pore structure is of major importance in order to establish relationships between mix parameters, microstructure and final concrete properties. Unfortunately, even after decades of microstructural investigations with cementitious materials, there is still no method available for reliable analysis of the pore structure. Mercury intrusion porosimetry (MIP), which is the most widely used method for this purpose, is now considered to be "unsuitable for pore analysis in cement materials" (Diamond, 2000) . More sophisticated methods such as proton relaxation NMR are emerging (Barberon et al., 2003; Plasssais et al., 2005) but at the moment the results are difficult to interpret and no spatially resolved information is provided. Image based pore structure analysis with SEM or TEM is restricted to 2D information, which is not suitable for the investigation of permeability and connectivity, where higher order topological information related to the 3D-structure of the pore network is required. Since a large part of the pore structure has dimensions below the µm-scale, also conventional tomography techniques for 3D-analysis fail because of insufficient resolution.
Recently, a new high resolution 3D-microscopy technique was developed at Empa using a dual beam FIB (focused ion beam) (Holzer et al., 2004) , whereby voxel resolutions below 20 nm can be achieved. The so-called FIB-nanotomography (FIB-nt) method thus opens new possibilities for a quantitative characterization of the pore structure in cementitious materials. The aim of this paper is to illustrate the unique potential of FIBnt for parametrisation of the capillary pores and the so-called hadley grains.
THE PORE STRUCTURE OF CEMENT PASTE
Four different types of pores can be distinguished in cement paste: gel-pores (at nmscale), capillary pores and hadley grain porosity (10 nm up to µm-scale) and air voids (>> 1 µm). Since the pore structure is a result of the hydration process, the different types of pores are associated with distinct types of hydration products and with the corresponding microstructural domains. The hydration products are differerentiated as belonging either to the inner (IP) or to the outer products (OP) (Taplin, 1959) . The IP is formed within the initial boundaries of the cement grains, whereas the OP is formed in the interstitial space between the cement grains. The capillary pores represent remnants of interstitial space that was initially filled with water and that was not overgrown by OP. Capillary pores and OP are thus both located in the former interstitial space.
From a phaenomenological point of view the microstructure of cement paste is better described as consisting of phaenograins and undifferentiated groundmass instead of IP and OP (Diamond & Bonen, 1993) . The groundmass mainly contains the OP and capillary pores whereas the phaeno-grains mainly include the IP and the unhydrated clinker. However, a certain number of grains, especially small ones that are fully hydrated, can not be identified as phaenograins and are thus included in the undifferentiated groundmass, which therefore also contains an undefined amount of IP. A considerable number of the phaenograins exhibit pores in the same size-range as the capillary pores. These porous particles are called hollow shell hydration grains or hadley grains (Hadley et al., 2000; Kjellsen & Atlassi, 1999; Kjellsen et al., 1997) . Hollow shell hydration is strongly influenced by water content, clinker mineralogy, size of the particles and curing regime (Kjellsen & Atlassi, 1999) . With respect to permeability, transport and durability properties, the microstructural characterization of the hollow shell porosity and its connectivity with the capillary pores is of major importance. However, so far quantitative investigations of hadley grains are rare because of a lack of suitable methods. Also here, FIB-nt opens new possibilities.
